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#*Hg*||s-»M1 -t^^ *HbW* «K£*1H ^<g«H ^^^1^ ^"1*1 Jl 

5. 5a 

^^^4, ^^1/^5.^11 ^S, ^7l^i%V ( ^HJ±, ^TflJ^ B^l^Ei 
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[^33 1^1] 

= ^ *H3*H/S>3E*H i^*} ^ zl ^lS^ {HYBRID FERROMAGNET/SEM I CONDUCTOR 
SPIN DEVICE AND FABRICATION METHOD THEREOF} 

£ l£ 1^°11>H ^^dt*}^ 2.^ IE. 

5= 2a ^ 2b^ *H*r€ *L*\] ^ ±*\ °] 31 °] ^ a>^1. 

IE 4a 4c^ #*>^ ^4 ^e)^-A>ol^ *j^-Tg *}o]6\] 4|. ^-^S] s.^ o. 

£ 5a ^ 5b^ ^1^-21 100 nm, 200 nm^l 100 nm, 300 nm°] ^ 

E6f 4 - 300 K°1] A i £3E*&aHI 4^- *>7l*11r t>l^ iL<^^r nsflH. 

IE 7^ 4 K°l] A i * r 7}Hl 4^- X>7l^%V^-A]o] ^^.^ Jicxj-^ ZLEflS. 

£ 8^ Oj-s J±<^*r ^LHflH. 

£ 9^ ^3] Jl^I- (spin-polarized field effect transistor, spin FET)^ 
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<n> 1948^ t cfl*ll*Rr B^)^7> 7l|*^ olJf. ^s]3. CMOS 

(compl imentary metal oxide semiconductor) 7)^-%r 7] ^}^}7}^^r ^ 

14=^^ ^JfA] igj-^o. o]=c^ ^C}. ^]n> ^ 40<cM] ^€ 7l^^ ^liiS -f 

ttf5f ^ ^^2) ^7>^7>7l^^ 7}2\ Is} #£fl °H W 20 Vl ^Ml^r «>5E*ll 
^7>^ 3.7)7} 3*H^ («f 0.54 nm)«fl ^Hl^^l l-7>¥« ^Jli^L e| 

4 v ^lcf. tq-^i ^fls.^ *M|tfl #^o] ^£]ji oicf. 

<12> o]6|) cfltr tflo]-o.s. ^7l#-§- oj-g-tr CMOS yJhc3.7]S!\ Tfloljes. ^ 

M0SFET (metal oxide semiconductor field effect transistor)^ 7fl ^r-ft- H 1^-^r°i, SET 
(single electron transistor)^ °^7,}^ (quantum dot)-§- °l-§-tr ^l-S.^ ^ ^^\^}9] 7fl 1 gM- 

*\Jf-sLJD. ^cf. ^5-<H1tt Jl^r^l- oj-g-tr W H^l^El (thin film transi stor )7> 

*»-§■ cf^tr (molecular electronics) 7fl^-s] Jl o] ^V^*} 

^°>^ a JS.^ll- 71 llo S <5}ir ^7fl^ ^i^7>7l#2f ^e] xfls^- 7flS» °l-§-SH aJ-Afltfl 

^7>^7fl- 7fl^l-^^ -§-^°J°14. 
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<i3> ^AAA$\ AA^A^ &AA ^7\A s.^, ^ A*\A ^f^H *f-A 

:n ^£^1 ^l^l^ ^o\] 2]^}^ ^.A 0 )^ (spin-dependent electron 

transport)* ^^}s^ ^ A^tA^A ^^>o| ^sq. ^ ^^o] 

^Ht^* JIB^a} ^^^>1- 7 fl^*>^^ ^S.^ AAA'S 91 i^BSHi (spint ronics , 
spin^ electronics^ ^<H) ee}H ^ftM^TlH 3. ^.g. ^zl ^cf. o]^ 

.7)3^ ^j-^sq. uliss}^ ^^^ycV^>^ ZL-B- al^l^ (non-volati lity)3f ^] 

A^AA 3 ^3 ^^-i- ^Str ^-2.5. ^J-sU sm. 
<14> cflS^ °flS>H 7 ])^j>=^ 1988^1 #*r^ ^"#4 ^A^ ^A ^if^l^ 

^cfl*M*1U- (giant mangnetoresi stance, GMR) °l-§-tr 3Hi=t. ^cfl *>7l*|% v 

£r Fe/Cr cff^^HH ^ t^£]^o.^ o]^ ^jl^ (ultrahigh vacuum, UHV) 7l#o] *1 
M.igo\} A A H-^^l (1 nmol*»^ ^3-7]- 7 ^^^ 7 ) n)]- o]^ 

cf. GMR *j*fl ^j-ofl -g~g-£]7l Al^-tb ¥ ^r°Hl Cu ^ «]^ 

^#-8: #<a*H ^r ^>5l-7> =-^^0.5. *}-R-f-7fl A^ *r 9X^ ^&-^iL 

( spin-valve) "fS^A Itsl^T^I °}A. 
<15> ^ «fly ^ o. Aj-ojsi ti]A^§ ^rf^ ^7}- ^ ^ 

*}7H ^^M" ^ Oe ^£5. nfl-o ^o. ^a. ^ofls. ^lAA^) a>-g-^ ^ ^C}-^ 

01 cf. GMR 5] t^oljs: a^e^a 7l#^ 7pJ- ^JE.ei^l *!iLf^ ^-uj-^r ^<Hl^ 
*H3*fl/^*ll/*H3*l| ^^-^H i^^sl 3^ ^^.o] TMR(tunneling 
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mangnetoresistance) ^^-ol^. *1£-<>1M °1 ik&& 30 oJ*d ^ °1 ^1 'ib -§-g- 

^o] nflo. f^^. eh^^ 1995^^ t^s)^^ 

<16> i^HSHi ^^^"^21 7H> €• *Kr5.» ^Hl -H^}-^ uflS. 

^#°fl ^°^Kr ^^r°J (spin injection)^ ^ <^7> ^ #c}. o)<a}- ^ ^ 

(spin accumulation) ^ ^ ^4 Vo l °^ ^ o_5. iLJL 5} 

•Si 4. 1993^ ^-7fl^ *H3^r Al-ojofl Au -^S] #*>^ =4r& 77)^^4^ ^21 *V^^ 
^r* ^i^S °l-g-*H a o v^ ^ofl i^-i- ^<a^>ji cf^- 4*2} 7}^ ^io s ^og^ ^ 
^ ^#*>^ z\^±x\S.*] <#^- i# (bipolar spin transistor)* 

*rS3*l n J, 0 J^ol^7V ^-o> nflae) ^7>3. A)~g-5Hr c-fl^- ^>cf 

7flBl^l- aVS^ofl ^<y^c^ £0^^ i^^ti ^^-"Ei nfl^^ ^ 
-§--g-<>l 7f^^V i^^^f ^ ^TfljL^ B^^l^E-ll- ^S^Rr #HJ-§- ^<5Rr 

<18> 7 1bK jz.*) ^ M.^ o_ ols>s1 ^1^- gig £ ^^^-igiflofl^ D]^ 

71] M-E}^ ^Jojcf. 
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<19> ^- 7 l .EL^-g. ^^>7l ^V^^. 7}^, ^"71 7)^r ^Hl ^€ 7pS*fl 

5. =1 s&7\ <3<3-2-S +&o} J§-3±*\^ ^7) 7l^r ^ ^ , 

<20> ^1-71 7>^^]^ i^-g-^Kspin polarization)^ €• ^M^^r , Fe, Co, Ni , FeCo, 

NiFe f^H ^ 5L] 7i <4 , GaMnAs, InMnAs, GeMn, GaMnN f-4 ^ *KI ^K^lf^H 
^ *Kr^ ^ Xl^ , a*V, Cr0 2 ^4 100%s] *>^(half metal)* a>-§-^- 

<2i> ^-71 *VE*l]ir Si, GaAs, InAs, Ge #<HH <^ *>M-# ^}-§-^ ^ o^cf. SfV, 

SOKSi on insulator) S-cr s^l-aVE^ o]*}Q ^7>7>i^(two 
dimensional electron gas)°-£- ^f^jll: =^rS. SXty. 
<22> ^-71 ±+ ^ ^efl^l ^-g-s]^ 4i7>>o] u}-e)- 5 - 1000 nm ^ 

^ 7 A°) wf^^rtf. ^7] ^ ^ = ^ #3£r 10 nm - 1 (m ^ »^7> 

<23> ^- M}-^ a> £ ^ ^o^f *fl^<8^-§- ^SpJI, ^>7l *flv| ^ 
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t^e^Kr °l^-<H*lfe *}°l*e)-EL^ *>-S*H/#JE*l| ^^^> afla^-i- 

<24> # 7 ] ^*j.i=. ^#^-§- ^T^JI i^l^ol o. ^.ol^Tfl ^>7] ^ *H til- 

Si^ S^l- 10 - 500 nm ^oj^ ^^tb JElefl<y 

<25> a o v 7] ^^llsf tiV£*imo} ^#^* 0 V^ ^.ni(Ohmic) HL^ 4:B7l(schottky)^ *r 9X^ . 

*H3"S^r4 #5.*H A r°H 0.5 - 2 nm -^TfljiL A1 2 0 3) A1N f^^-g- ^-^^> 

<26> • # 7 | £*]e]i=. t.}^^ ^ 0.5 - 5 kOe^l *>7l3J-g- 7>sfl ^&*\ ^tf^H 

^ 100 - 500°C^ ^£5. 10 - 60 <I*1e)t-Vi}. 

7] ^Vs}-*^^- oj-g-^ ^e|s. cfol^-Afojc^ (Si0 2 )* ^ 20 nm^ ^ 

^cf. o}%7\\ a^>a1^1 dicing saw!- 11.8 >41.8 mm 3. 

^. 

<30> ^ti]^ ^f-ai ^ ^i^chi oj-a-i sq^^2fo] ^T^M S. 15f ^ 

^^d!* ^l*r£t}. TCE, Acetone, Methanol, DI water!- A>-g-*|-a} M}^^ 

H 2 S0 4 : H 2 0 2 (4 : 1)^ Acidic Solution<HH 10^- ^°}3X^ 



27-10 



1020030016170 #^ ^^>: 2004/3/5 

^ ^ "lllM: 5|o S DI W ater» ^}-§-*}^ 10-g- 43 

<3i> [a 1] 



■gelg flflgj 3 



Solvent Removal 


1 


Immerse in boiling tr ichloroethylene(TCE) for 3 min. 


2 


Immerse in boiling acetone for 3 min. 


3 


Immerse in boiling methyl alcohol for 3 min. 


4 


Wash in DI water for 3 min. 


Heavy Metal Clean 


1 


Immerse in a solution of H2SO4 : H2O2 (4:1) 
for lOmin at a temperature of 120 °C . 


2 


Quench the solution under running DI water for 1 min. 


3 


Wash in running DI water for 10 min. 


4 


N2 Blowing. 



<32> a\)^o) ^ xj^ 3}]Ei^-§- <H§M CADI- ol-g-*H v\^EL $H ^Kl*^ 

cf. 3* *L^S] ^«flw.jL2}-» <&7] ^^-(source)^ 

(drain)^ z}-z|- 100 nm^ 300 nmS. cfs.^ srf^Jl, ^°1tt 20 jwnS . ¥ 

100 nm<HH 1 imS. ^$.x}7} ifl<HM <H^t!r Ti-g-* i^l^l *>7l 

*H)i3 £3M^. 
<33> oj^Tfl n>^B.# o]-g-§>^ ^^>A1 3flE^ 6j-£t*. o] <gi£ 

^o^ A >^i ^^^^ Tg-e) ^ pV^h* *l-g-«W ^rji, cq^ ^Hsq^r ^^>## 

^>-§-tb ##i3HH Ic^hl- ^ MIBK:IPA(3:l)-8-^^^ ^^>^^-. 4# 

xj-^-nvo. ^71^-71 o^H free baking* 160 t^H 2-g-?i ^, ^ 

^3Eif °l-g-£M copolymer^ PMMA 4%# 5000rpm°ll *\ ^- 170"C°fl-H soft baking* 3£- 

?> ^a1*>o} 350nm^ 7>*l5L-i=- ^^s r ^cf. 
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4°1^>°1^^ ^ BOECbuffered oxide et chant)* <^l-§-^>^ #£-0^ *jz}-g-6Poi ^ «] o] 
7]6\] ^}M^ 7 ]m. $o]\gg. * J2aVA) 71^^ 20 nm *}£t}. ^s]^ ^Ai^iz}- 

{reactive ion etcher °l-g-*H ^z^^tf. aizJ- ^ A>-g-^ tiV-g-^^o] ^-g- -fr 

^1§>71 $]«H o> = -5- 7>i^ ^7l*l]t- °l-g-*H ^vfl ^Ti^JL, cfA] 

^ a] A)~g-£^ SF67>i# ol-g-^H <S^-g- dummy wafer)* ^vflofl #*|-*H 

^*H^ ^7l» S^*>^cf. A>^^y]7l- ^ ^ 100 mtorr, 43 100 Watt, SF6 7>i 

-n-^ 20 seeing ^#-§- 40 nm^ 280 nmS. AizJ-gj-^cf. 

BOECbuffered oxide et chant )-g-^°fl #a] ^ jr ^^o] ^ aJ^wH ^^rSt^f. 

^Sp^M- ^^*>7fl ^7is>^ oj-o ^ ^^€-4 ^J^H^l i^^7>^ ^ ^#o] 

afltflS. ol^-^H ^ ^ *>7l fl^-oltj.. ;^oj ^aV£ ^oj^j. ^S^l 

1 X10-8 torr^o] Aj-Efl-g. ^, 10-g- # Fei 6 Co 84 (^ 

^^•l-:52%) a>;*} ^^E^(pre-sputtering)^- ^*Str ^, £-33^ ^-fr 

c*H zj-zf 55 nm, 2 95 nm f^S^r}. ^ cfl 7 l ^oflA^ ^^-o] K ^ xy^s. *&x]t} 7 ] 
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<37> ol^Ti) ^2Vo] ^s]^ sflel^l ^--g^VS^ sl^B i« (lift-off 

^* <>l-8-*H 41 °MI^°1 ^ .g.7H ^nVol ^71^ nfl^l 24*] # 

<38> £ ^^^.S. afl*^ i^^*^ S-^SojcK 7)^(12) -S-ofl AVS}-«V( 1 3)o) ^ 

SU, ^^21" H5|°l^ So] cfs *=. ^^-(H U) O] *§^£H % o. ^ ^ 

Slnf. £ 2a 9i 2b^ -#7}9] ^-^SLS. ^*fl i^*}^ -4^o]cf. ^t^s 21^- 22^ 

*H3*I|3. € s^Sl-fr zj-z]- u|-eHH, £ 2b^ 57fla] i^sf J=efl<?] <H efl °1 1- Ti/Au^l 

^aflJE. (contact pad)^- ^-Tfl iL<*)^ji 

<39> nfl °- *)-°- 3.7)0] ^^ t } 7 ]6\)^ -g- 7 |-^5fl4. H}- e}-^ 7^%Vo] ufl-f 

3.71) ^o\) ^ 01 sHo) fl-cf. 4^ ol» ^ 

*M ^ A) 7>«fl$ ^l7>^<a-^ ±^&o) 7j-7>^ ^ofl ^ ol^ 

2f afl^zV^ 3^9] _2_5i(ohmic)^^8- <>1# ^ 5U51-i=- sfl=l- c^o}^ ^oj ^jl^t}. o] 
1- ^*fl*i *d^$r ^-(Au)olcf. zLfic-11 -g-^ ^Je]^- 7]% $H ^ j= 

*HJL Aj-Ojo] ^^-^Ol ^1 ^7) rtft^o\) ^Z\)7} <&o} A\o)d\) B)E]-^-(Ti)l- f^*H E^^* 

(AZ-5214 ^l^ofl S.i*V ^, ^^SEioflA-l 4000 rpmAJL 2]^*V cf-g-, TSt:^ 

^ofl^i ^ 15^-^1 baking* *Vcf .) o.^. Aj^ofl ^-^^5. 4.53,^- ^1^- 
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tr * ^^°fl #^>H ^H^cf. sfl^ £ *H3^1 ^, ^ofl 

>H -T- ^fl5.(Ti/Au)l- ^i^S 20 run, 200 nm^ ^7l*i^o] 2 x 10"6 torr ^nfl 

°d €* r ^ ^ ^^-7l( e -beam evaporator ^-g-^>^ ^H^tf. o)^ 2flc # ^ * 

(lift-off )^-^* 4^1 ^-$2^. °13M1 *)H rfi^lDL Jl^-# ol-g-tr M-^^^l 
<40> M^ofl 4b ^ol 3^ ^jt. ol^ ol^eV = 7H^ cf^}l- 7VX]^ oj 

^ ^-S: -f-tr 7i^g; ^.oj^ i^fl- ^l^H ^^-8: S^r^^r. 

°« v ^-i- Ji^^r. 5L^H ^ «r^r ^1 4iS7l(schottky)^^ oj^jr 

flfe ?A<L3. ^ ^^r°Hl ^Fr^d -S-^^^l Sir^Ml 5U^r ^-i: ^<d^<4. 

SEtr ^/^-^ #2} ^H7l ^ o]^- w 0 V^o]l ^B7l ^o]f cf^- ai 

<42> 

7 5/ =^ T exp 



<43> 



°1 ^tb ^ 0.49 eVt- ^-i: ^ &cf. ^^-4 ^e)^^ 4i*HM 

D rM- SlA-Sitf^ ^-^°fl ^-i- ° s ^>^.7l ^<5fl ^z^^a] a]^ 60 nm^ 300 nmS 
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<44> £ 4a ifl*] 4c ^ 7$7\^ ^^\°]$\ ^tJ"^ *><>H ^-fr-^^) s.^ ^ i^ol 

JL, *JsJ^ K^Sr 60nm5. ^z|*V 4b)<^l^£ ^^1 ^ k&SLS. ^*J-o] nfl-f ^oV, 

^el^ 350 nmS. ^z^tb £ 4cHxr ^ ^SL^cf. -iiz^g- ^-g- 

^^S* SNWS ^% Vo l ^^*>7ll #i*}^r M t 
^ ^ A o V iLEfl^Rr ^ ^ g 7>^<H1 SL 



«= -- 

(2) 



edV H 



<46> ^ 



" enVJVd (3) 



<47> 



31 7.1 >40 16 cnT 3 °1 Jl, al^^o] ej= 5 q C m °1 H , ^l*}^ 948.6 cm 2 

/V-sec °l&tq.. 

^>7l^ 7>SH a]^^ nfl 3} #*}^;*]) *}^-( SO urceHH ^ £^ ^7}» ^e) 

^ ^( inject )*V^ n #JI ifl# °l-£(transport)*l^ . " # 

^-(drainHH 3#(detect)*}^ °W ^ *l7l3<y *]3L» ^*Rr ?A-=r 



27-15 



1020030016170 «g*>: 2004/3/5 

<49> £ 5a ^ 5b^r 100 nm, 200 nra°J 4i*>^- 100 nm, 300 nm<?l A?}^ 

% v £3r» J£<^tf. ^-§- 100nm(41), 200nm(42)S. M# ^-f ^>^- y o V ^ :0 l 

>£sj*3 (anti-parallel)* -fr*]SRr #£31 ^(JE 5a), #^o] 

100nm(43), 300nm(44)^l ^-f «V ^*}- ^U^-i- -rr^l^ ^1}°] ^ 0e^£5. a4(£ 
5b). 300 nm^l 7>*1^ ^#*>7l £]tr Ji*}^ (coercivi ty)°l °lliL 

<50> £6^ 4 - 300 K^l^l -grS^sM] nHE- ^>7l^^- u]^ ^.o^^nf. ^6\)X\ i^^> 

1 AR= ftj?- ^^= 0 / R n=o (4 ) 

<52> rg^ofl rc|.s z} 7 }z\rQ-°) igJHr 7^ ^<H^1 &JI #£r7r*l 0.1 -f}-*l*Rr 

<53> £ 7 ^4 K oflAl ^V^1<H] n}-g- ^>7l^*J-^Sl ^sf# iL<^cK ^ ^>7l^ ^^(^ 

20 k0e)<Mfe 7>7l^M]7l7|- tS^^ ^ele^l ^tr 7>7l7i%i-^ ^(ordinary 
magnet or esi st ance)7> M-B}\+cf. o]^ ^7>7]- -*3E}-g- vfl-§- p]^-t}jL <&■%■■%■ ^91 *1 
^^^] ^(Lorentz force)^ 14^ -flzj-^tk 

<54> £ 8^r 1^51 ^^fi) Tsf^ofl 4^ T^T^ Ji<*|$Cf. ^ ^ #7}^ 

^HHH^ #^-0] ^ #^0.5. 7>7l## ^ 600 0e 7 ^ ^r£*\i xiO-6 torre} ^^Eflofl 
^ 300°C^ ^JES. 20-£-?i l*^}^. <g^e] ^ <sf 80 t^It^J- # 
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%^ ^7}. $icf. o]^ 7j-^ ^^-^^-o] ^^-ol <£^tr x}^- (magnetic domain)!- 

<H1 £A]§>^cf. ^ H^^liEl^ 4i^(101)2f ^efl<?](102)-OS. *HS*fl« A}-g-S}£tf. i^^- 
^flsWfe ^^(lOl)S--^-Ei ^^^^(105)^1 ^r^i nfA] !E.s1l'°](102HH 
°.S.*\ 3^1- *V£;^ ^7>7>if^(two dimensional electron gas)l- ^l-g-^ ^ 

• =r 5^. H-cr 7ll°m(103)^ ^<y-o.s. ^-g-^-s} 711 ^ 

*r£-^(precession)-§: tIH^" ^5. Sl^. »^°-3, ^lJL^r H^l^&| 

(spin-polarized field effect transistor, spin FET)# ^^tr^f. -^t^Jl 104 ^ 106^ 
^r-T-l-^Stquantum well structure)^ Hfle) c^^(^<g^)^- Lj-E^t}. 

<56> olSf ^-Ol Mj-^ojj n}H^ ^eflo) tiV£^] B^^liEli^ ^H^M^I ^r^* #7l*J-0_ 

S. *lM*Hr ^-sl ^H-*^^ ^^1/tiVS^l ^7H1 >H ^ i^sf ^efltl^l ^H^ll- ^> 

^-i: SLE*H] ^r^Kn ^#S}JEL5.*] 711^^^ ^o. ol^-^V DflfiE] ^ ^i7j-S. 
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11 

^y] 7)% ^hi A^n^. ^ ±^ <$q 

#7) ^ ^^-8: -f-^ft!- ^#3^ ^"71 7l^r ^ 0 H1 ^£ *M3*fl3. € = 

2] 

*fll%Hl a o v 7 ] t^*!!^ ^^(spin polarization)^ €• *H#^r , Fe, 

Co, Ni, FeCo, NiFe f^H ^id^S)^- *}i4<?l *HtLB}.= ^ ^^1/^rS-^l ^i*>. 

31 

^1 l^-^l &<>H, -8-71 *M3*fl^ GaMnAs, InMnAs, GeMn, GaMnN 

Ufo] ^H-^-^ 7p^fl/a]- £ ^ ^^^7V. 
4] 

alUM 5a°H, ^"71 ^H^fl^ Cr0 2 -f-^- 100%£] 1^^(half metal)*?] 

s 

5] 

*UiH 5a°H, ^7) «V£^1^ Si, GaAs, InAs, Ge f^H ^s)^ *>M"^1 *><>1 

J±^^-^ *F3*ti/«hE*ll ^^4i7K 
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[^t 1 * 6] 

*Hl^N 9X°]*\, A <M ^ SOI (Si on insulator) S^l-whSE*^ <>l*r 

€ ^^>7>i#(two dimensional electron gas)<?l s}o] a.^ je.^ ^VM/'SrS.afl ^^i*}. 
7] 

^l*oHl 5U<>H , A oM ^ ^ 1=31°] <3^£- 5 - 1000 nm ^-g- 7>^^ 

13 t 1 * 8] 

*(|7lW &<>H, <^<* ^ =efl^l A>ol^ io nm - 1 ^ ^1 ^^^1 

9] 

A. 

10] 

*Hl1M) 5U°1-M . ^^^f = efl^l tiV^^l 10 - 500 nm ^ 

11] 

*U1H SX°\*\, A^n^ #51*1]^ 3#*11M ^.ni (Ohmic), SL^b 4i^7l(schottky) 
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12] 

*U1H *H3#^4 4°H 0.5 - 2 nm A1 2 0 3 A1N* 

13] 

TIMES}-, #7] 711 o]B ^ofl i%A£Q ^<£%-3\- t ^7} ^<?1# ^HMH ^>-g-^> 

<>1*Hr ^J* ^^]Jl4 H^l^Bi. 

14] 

«V£^1 71*0(1 7flSH7> °l^*Kr ^i^crf-j. S^aL, 

^-71 *fl\| oj^o} 5J.0.0} al^^ 7 )^- S ^o. 1Q _ 50Q ^ o}o} ^ ols AlZ^Jl, 

^71 7^*11 ^ c^ctf ^ e^o] cg^d] 7>>7l^ 7^]-^^ I^H^Hr 3* 
°l-f-<H*l^ 
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15] 

*!1141W 91°]*}, ^7} l^e) ^-^-S. 0.5-5 kOe^ x}7)%% 

7>*fl , ^^bIHH 100 - 500°C£) 10 - 60 I^el^ 
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[£ 4a] 
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[H 4c] 
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l-V curve 

350 nm etching 
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[5. 5b 1 
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[5L 7] 
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""* 276.6 
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